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RESUMO

CONCORDANCIA ENTRE METODOS DENDIAGNOSTICO PARA BACTERIURIA
EM CAES

AUTORA: Ana Béarbara Uchoa Soares
ORIENTADORA: Prof. Dra. Cinthia Melazzo de Andrade

Em medicina veterinaria, o diagnostico de bacterilria comumente baseia-se somente na
avaliacdo do sedimento urinario ndo corado, este método ndo é o mais adequado, pois
particulas amorfas presentes na urina podem ser confundidas com bactérias. Portanto as
amostras de urina dos pacientes com suspeita de infeccdo do trato urinario devem ser enviadas
para a realizagdo de cultura bacterioldgica, considerado “padrdo ouro” de diagndstico. No
entanto, devido ao maior tempo exigido para a obtencdo dos resultados, esse procedimento
nem sempre é realizado. Nesse contexto, a realizacdo da andlise do sedimento urinario corado
se apresenta como um método potencialmente mais preciso que a avaliacdo do sedimento nédo
corado. Assim, este estudo tem como objetivo investigar se a analise de sedimentos urinarios
corados é um método de triagem eficiente, para identificacdo de bacteritria quando
comparado a cultura microbioldgica. As amostras de urina utilizadas foram provenientes das
amostras de rotina do Laboratorio Clinico Veterinario (LCV) localizado no Hospital
Veterinario Universitario (HVU) da Universidade Federal de Santa Maria (UFSM).
Naurindlise, foram realizadas as analises fisicas, quimicas e analise do sedimento ndo corado
e corado com Gram, sendo incluidas neste estudo amostras coletadas pelo método de micgéo
espontanea e cateterismo. Houve excluséo de amostras com menos de 5 ml e de pacientes em
tratamento com antibidticos. Foram destinados 10ml de urina para urinalise, enquanto 1ml de
urina foi destinada a realizagdo de cultura bacterioldgica quantitativa no Laboratorio de
Bacteriologia (LABAC) da UFSM. Para a técnica de colheita de urina por cateterismo, 55%
(n=40) dos resultados foram detectados como falso positivos para anélise do Sedimento
Urinario (SU) ndo corado e 2,5% (n=40) dos resultados foram avaliados como falso negativos
para analise do SU corado. Por fim, para colheita de urina por miccdo espontanea, 23,3%
(n=60) dos resultados foram detectados como falso positivo na analise do SU nédo corado e
1,66% (n=60) dos resultados observados no SU foram detectados como falso negativos. A
técnica de coloracdo de Gram do SU aumentou sensivelmente a diferenciacéo entre detecgédo
de substancias amorfas e bacteritria nas amostras de urina de caes, sugerindo a aplicabilidade
desta coloracgéo na rotina laboratorial.

Palavras-chave: Urindlise. Sedimento urinario corado. Cultura bacteriana. Sensibilidade.
Bacteridria. Gram



ABSTRACT

AGREEMENT BETWEEN DIAGNOSTIC METHODS FOR BACTERIURIA IN
DOGS

AUTHOR: Ana Béarbara Uchoa Soares
PROFESSOR: Cinthia Melazzo de Andrade

In veterinary medicine, the diagnosis of bacteriuria is commonly based only on the evaluation
of unstained urinary sediment, this method is not the most appropriate, as amorphous particles
present in the urine can be confused with bacteria. Therefore, the urine sample of patients
with suspected urinary tract infection should be sent for bacteriological culture, which is
considered the “gold standard” for diagnosis. However, due to the longer time required to
obtain results, this procedure is not always performed. In this context, carrying out the
analysis of stained urinary sediment is a potentially more accurate method than the assessment
of non-stained sediment. Thus, this study aims to investigate whether the analysis of stained
urinary sediments is an efficient screening method for the identification of bacteriuria when
compared to microbiological culture. The urine samples used came from the routine samples
of the Laboratory of Veterinary Clinical Analysis (LCV) located at the University Veterinary
Hospital (HVU) of the Federal University of Santa Maria (UFSM) after the urinalysis in
which the physical analyses, chemical analysis and analysis of slides of unstained and Gram-
stained urinary sediment, included in this study, collected by the urination method with the
eism catheter. There was exclusion of Exception with less than 5 ml and patients under
treatment with antibiotics. 10ml of urine was used for urinalysis, while 1ml of urine was used
for quantitative bacteriological culture at the Bacteriology Laboratory (LABAC) at UFSM.
For the technique of urine collection by catheterization, 55% (n=40) of the results were
detected as false positives for analysis of unstained SU (Urinary Sediment) and 2.5% (n=40)
of the results were evaluated as false negative for stained SU analysis. Finally, for
spontaneous micturition urine collection, 23.3% (n=60) of the results were detected as false
positives in the analysis of the US not detected and 1.66% (n=60) of the results observed in
the SU were detected as a false negative. The SU Gram color technique significantly
increased the differentiation between detection of amorphous substances and bacteriuria in
dog urine samples, suggesting the applicability of this color in laboratory routine.

Keywords: Urinalysis. Stained urine sediment. Bacterial culture. Sensitivity. Bacteriuria.

Gram
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1 INTRODUCAO

A infeccdo do trato urinario (ITU) é definida como adesdo, multiplicacdo e
persisténcia de um agente infeccioso no sistema urogenital, que geralmente se constitui em
uma bactéria (BARTGES, 2004), geralmente, provenientes do intestino ou da pele que
circunda o perineo (SMEE et al., 2013). A ITU canina é uma enfermidade comum na rotina
clinica, ocorrendo em aproximadamente 14% dos cdes que ja passaram por alguma avaliacdo
clinico-veterinaria (THOMPSON et al., 2011). E mais comum em fémeas com idade média de
7-8 anos, mais facilmente descoberta quando os animais apresentam sinais clinicos, como
hematuria, polaquitria e aumento da frequéncia urinaria (YAMAKA et al., 2019). No entanto,
a ITU pode existir sem sinais clinicos, e nestes casos o diagndstico é por acaso (CHEW,;
DIBARTOLA; SCHENCK, 2011).

O diagnostico de ITU por meio da urinalise pode direcionar para um exame de
sedimento urinario normal, enfatizando a necessidade de um resultado de cultura positivo para
confirmar o diagnostico de ITU (THOMPSON et al., 2011). A identificacdo de bactérias na
urina ndo € sinénimo de ITU, podendo representar contaminacdo da amostra, especialmente
se a amostra for coletada por miccdo natural ou cateterismo uretral em que bactérias do trato
urogenital distal ou a urina pode ser contaminada no procedimento de coleta (BARTGES,
2004).

Em relacdo a etiologia, a maioria das ITUs em cdes envolve um Unico agente. A
bactéria Escherichia coli é responsavel pela maior parte das infeccdes registradas em caes
seguido por cocos gram-positivos, incluindo Proteus, Klebsiella, Pasteurella, Pseudomonas,
Corynebacterium, e varios outros géneros raramente relatados (OLIN & BARTGES, 2015).
Existem relatos na literatura veterinaria que registram a prevaléncia de bacterilria em cées
com doenga clinica, por exemplo, diabetes melito, hiperadrenocorticismo, doenca do disco
intervertebral, parvovirose canina e urolitiase (MCGHIE; STAYT; HOOSGOOD, 2018).

A ITU inferior pode ser classificada como cistite bacteriana esporadica (ndo
complicada) ou recorrente (complicada) (WEESE et al., 2011; WEESE et al., 2019). Caes
acometidos pela cistite bacteriana esporadica normalmente apresentam polaquitria, disuria
e/ou estranguria como sinais clinicos, manifestando de um a dois episodios de suspeita de
cistite em um periodo de 12 meses (WEESE et al., 2019). A cistite bacteriana recorrente, por

sua vez, caracteriza-se pela ocorréncia de trés ou mais episodios de cistite clinica em um
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prazo de 12 meses ou 2 ou mais episoédios em um periodo de seis meses (WEESE et al.,
2019). Apesar de ser denominada como cistite bacteriana recorrente, essa terminologia
também inclui reinfec¢des, podendo ser pelo mesmo ou outro agente (WEESE et al., 2019).

A analise apenas do sedimento urinario é inadequada para o diagnostico de ITU devido
a problemas, como a ocorréncia de resultados falso positivo de bacteridria na auséncia de
infecgdo clinica (SWENSON et al., 2004). A cultura bacteriana aerdbica e o teste de
suscetibilidade devem ser realizados em todos os casos, para confirmar a presenca de
infeccdo, identificar a presenca de bactérias resistentes, que podem ndo responder a terapia
inicial, e fornecer ao clinico-veterinario quais sdo as bactérias mais comuns em sua rotina
clinica (WEESE et al., 2011; (GRANT; NAPIER; CORRIGAN, 2021).

As amostras de urinas destinadas a cultura microbioldgica devem ser coletadas por
cistocentese (CHEW; DIBARTOLA; SCHENCK, 2011), pois este método ndo necessita
passar pela uretra distal, que é habitada por bactérias comensais mesmo em cées saudaveis
(GRANT; NAPIER; CORRIGAN, 2021). Apds a coleta de urina para cultura bacterioldgica, a
amostra deve ser analisada dentro de 30 minutos, se isso ndo for possivel, essas amostras
devem ser refrigeradas a temperaturas em torno de 4 a 5°C por até seis horas sem alteracdo
drastica nas populacdes bacterianas (DUNNING & STONEHEWER, 2021). No entanto,
alguns organismos urinérios mais exigentes podem morrer com periodos de armazenamento
prolongados, o que pode levar a uma contagem bacteriana quantitativa mais baixa
(DUNNING & STONEHEWER, 2021). A realizacdo da cultura bacteriana é importante para
descartar a ocorréncia de doencas nao infecciosas que mimetizam a ITU, direcionando assim
tratamento e promover a administracdo antimicrobiana corretamente, evitando 0 uso
indiscriminado de antimicrobianos, que contribuem para a resisténcia bacteriana aos
antimicrobianos (GRANT; NAPIER; CORRIGAN, 2021). O custo e 0 tempo necessarios
para a cultura bacteriana tém sido apontados como possiveis empecilhos para a realizacéo
deste exame na pratica clinica (DE BRIYNE et al., 2013;).

O uso historico de antimicrobianos provocou o desenvolvimento de resisténcia
bacteriana em seres humanos com ITUs, destacando a importancia da selegdo correta de um
antimicrobiano no tratamento de individuos com ITU (WONG; EPSTEIN; WESTROPP,
2015). Na Medicina Veterinaria, o surgimento de patégenos multirresistentes também torna
dificil a realizacdo da terapéutica de pacientes com ITU devido as escolhas limitadas de

medicamentos (WEESE et al. 2011). A diminuicdo da eficicia de farmacos contra bactérias
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causadoras de ITU em cées tem sido associada ao uso empirico de antimicrobianos que nédo
deve substituir a cultura na escolha da terapia medicamentosa. O tratamento de infeccOes
causadas por bactérias resistentes € muito dificil, podendo causar morbidade significativa aos
animais, além de tornar-se oneroso financeiramente aos tutores (JOHNSTONE, 2019).

O surgimento de bactérias multirresistentes (resistentes a trés ou mais categorias de
antimicrobianos) em animais de companhia € uma preocupagdo crescente na medicina
veterinaria, se constituindo em questdo de saude publica, uma vez que 0s animais de
companhia podem desempenhar um papel na disseminacdo de bactérias resistentes devido ao
seu contato proximo com humanos (MARQUES et al., 2016). A realizacdo da urocultura evita
0 desenvolvimento de resisténcia antimicrobiana, reduz o custo geral do tratamento e, mais
importante, a morbidade do paciente. Além de aumentar a chance de selecionar o
medicamento mais adequado ja no inicio do tratamento (HALL; HOLMES; BAINES, 2014).
A administracdo de antimicrobianos é frequentemente usada empiricamente com base,
apenas, na presenca de sinais clinicos compativeis e na urinalise, sem os resultados do exame
de urocultura. Geralmente, a terapéutica contra a ITU é implementada para aliviar os sintomas
de ITU (MARQUES et al., 2016). Nos casos em que ndo ha possibilidade de realizacdo de
cultura bacteriana, a sele¢do antimicrobiana deve ser baseada em caracteristicas bacterianas
observadas no sedimento urinario. No entanto, existem desvantagens a serem consideradas
com a utilizacdo de antibidticos empiricos, por exemplo, a identificacdo de cocos gram-
positivos pode também ser compativel com Enterococcus spp., que seria resistente a uma
cefalosporina (SMEE et al., 2013). Além disso, particulas amorfas semelhantes a bactérias
(pseudobactérias) sdo comumente detectados na avaliagdo microscopica do sedimento
urinario ndo coradas, sendo relatadas como bactérias por patologistas clinicos com diferentes
tempos de experiéncia. Foi relatado que o uso da coloracdo de Gram no sedimento urinario
melhorou substancialmente a identificagdo de bactérias em amostras de urina obtidas de
humanos. Similarmente, a coloracdo do sedimento urinario pelo Wright-Giemsa melhorou
significativamente a sensibilidade, especificidade e eficiéncia do teste de detecgédo
microscopica de bacteriuria em comparacdo com a do método do sedimento urinario ndo
corado, se constituindo um método rapido, barato e de facil execugdo (SWENSON et al.,
2011).

Portanto o objetivo desse trabalho foi avaliar os resultados da analise do sedimento

urinério ndo corado e do sedimento corado com Gram em relagdo ao exame padrdo-ouro,
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cultura bacterioldgica. As amostras de urina utilizadas no presente estudo foram obtidas da
rotina de atendimento do Hospital Veterindrio Universitario (HVU) da Universidade Federal
de Santa Maria com intuito de demonstrar que a utilizacdo da coloragdo de Gram no
sedimento urinario, auxiliaria o patologista clinico na diferenciacdo de estruturas parecida
com bactérias no sedimento urinario, evitando a prescricdo de antibioticos de forma
desnecesséria, j& que, muitas vezes, o tutor ndo dispdem de recursos financeiros para pagar a

cultura bacterioldgica ou ndo ha a possibilidade de esperar pelos resultados desse exame.
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2 MANUSCRITO

Os resultados deste trabalho encontram-se na forma de manuscrito, o qual sera
submetido para a revista Ciéncia Rural. As normas da revista podem ser conferidas no site:

http://coral.ufsm.br/ccr/cienciarural/normas.htm
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Agreement between diagnostic methods for bacteriuria in dogs
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1. Veterinary Clinical Pathology Laboratory, Small Animal Clinic Department, Veterinary
Hospital, University Federal de Santa Maria, Avenue Roraima, 1000, Santa Maria-RS
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* Corresponding author:
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ABSTRACT

Diagnosis of bacteriuria in veterinary medicine is commonly based on unstained urinary
sediment (US) evaluation. Nonetheless amorphous particles can be confused with bacteria.
This study aims to investigate whether the stained sediment increases the sensitivity of
bacteriuria detection. Forty-seven 7ml urine samples from dogs of different breeds, sex, age
and collection method were analyzed, destined for the Veterinary Clinical Analysis
Laboratory (LCV) located at the University Veterinary Hospital (HVU) of the Federal
University of Santa Maria (UFSM). In addition, an aliquot of 2 ml of these samples was
destined for quantitative bacteriological culture, in the bacteriology laboratory (LABAC) of
UFSM to compare the results obtained in the analysis of the US, because it is the gold
standard, for the diagnosis of bacteriuria. For the technique of urine collection by
catheterization, 55% (n=40) of the results were detected as false positives for analysis of
unstained SU (Urinary Sediment) and 2.5% (n=40) of the results were evaluated as false
negative for stained SU analysis. Finally, for spontaneous micturition urine collection, 23.3%

(n=60) of the results were detected as false positives in the analysis of the US not detected
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and 1.66% (n=60) of the results observed in the SU were detected as a false negative.
Performing GRAM staining of urinary sediment increased the differentiation between
amorphous substances and bacteriuria in urine samples from dogs, which suggests the
applicability of this staining in laboratory routine.

Key words: Urinalysis, stained urine sediment, bacterial culture, sensitivity, bacteriuria,

Gram.

INTRODUCTION

Urinary tract infection (UTI) is a common disease in the clinical routine of small
animals, occurring in approximately 14% of dogs that undergo clinical-veterinary evaluation.
(BARTGES, 2004). Bacterial culture is necessary to confirm the diagnosis of UTI
(THOMPSON et al., 2011), as urinalysis may erroneously lead to an unaltered exam.
Cystocentesis is the most recommended collection method for samples that will be destined
for culture, as this method avoids contact with the distal urethra, which is inhabited by
bacteria, even in healthy dogs (GRANT et al., 2021). Therefore, urine samples may present
contamination, especially if the sample is collected through natural urination or urethral
catheterization (BARTGES, 2004). Opposite to recommendations, many veterinarians send
urine samples by spontaneous urination for culture, even in patients who show signs
consistent with UTI (Urinary Tract Infections), as it is a simple and non-invasive procedure
that can be performed by the tutors themselves (GRANT et al., 2021).

Bacterial culture and susceptibility testing confirms infection, allows identification of
resistant bacteria, and rules out non-infectious diseases that mimic UTI (WEESE et al., 2011).
This approach avoids the indiscriminate use of antimicrobials, which would increase bacterial

resistance to these drugs (GRANT et al., 2021). The advantage of performing a culture lies in
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the possibility of determining the level of bacterial growth, by counting colony forming units
(CFUs), which can be used in the interpretation of results (WEESE et al.,2011).

However, the cost and time required for bacterial culture have been identified as
possible obstacles to performing this test in clinical practice (DE BRIYNE et al., 2013). Thus,
in some cases, the administration of antimicrobials is performed based on clinical signs and
urinalysis findings compatible with UTI (MARQUES et al., 2016).

In the microscopic analysis of urinary sediment, amorphous particles similar to bacteria
(pseudobacteria) are commonly reported as bacteria, regardless of the experience of the
clinical pathologist who performs the examination (SWENSON et al., 2004). In addition, the
use of Gram or Wright-Giemsa stains on urinary sediment in dogs and cats substantially
improves the identification of bacteria when compared to analysis of unstained urinary
sediment (SWENSON et al., 2011), which can minimize the previously raised issue.

Knowing that the possibility of mistakenly identifying bacteria is a reality in routine and
that the manufacture of stained slides of urinary sediment is a quick, inexpensive and
relatively easy procedure (SWENSON et al.,, 2011) this study aims to to verify the
concordance between the analysis of the urine sediment stained or not, with the bacterial

culture of urine of dogs for the confirmation of bacteriuria.

MATERIALS AND METHODS

The study was approved by the Animal Ethics Committee under protocol number
9964140622. Urine samples from female (n=48) and male (n=62) dogs, of different breeds,
ages and collection methods, derived from routine Clinical and surgical tests at the University
Veterinary Hospital (HVU) at the Federal University of Santa Maria (UFSM) were processed

for the detection of bacteriuria by analysis of the sediment stained or not by the Gram method.
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A 2 mL aliquot of these samples was sent for bacteriological culture. Samples with less than
five ml of urine or urine from animals treated with antibiotics were excluded from the

experimental design.

Unstained sediment analysis

Five milliliters of urine were centrifuged at 1500 rpm for 5 minutes. After this process,
the volume of 0.5 mL of supernatant was maintained, which was homogenized with the
sediment. With the aid of a pipette, 10uL of this mixture was placed on a glass slide and
superimposed by a cover slip for microscopy. Ten fields of the sediment were analyzed in an
optical microscope (Zeiss®) with a 10X and 40X objective. The average number of bacteria
was classified in a 400X objective, being classified as none, occasional (<3 bacteria), few (3
to 10 bacteria), moderate (11 to 40 bacteria) and severe (> 40 bacteria) (SWENSON et al.,

2004).

Gram stained sediment analysis

The slides with the urinary sediment were subjected to dry fixation and then stained
with a Gram staining kit (Laborclin®) with the methodology according to the manufacturer's
instructions. The stained slides were examined in an immersion objective (1000X) in 20
fields, being classified as none, occasional (1 to 4 bacteria), few (5 to 9 bacteria), moderate

(10 to 20 bacteria) or severe (> 20 bacteria). (SWENSON et al., 2004).

Aerobic urine culture
A 0.01 mL aliquot of urine was seeded and enriched in Blood and MacConkey Agar

medium using a sterile calibrated loop. Blood agar medium was used to promote the growth
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of fastidious organisms. There was a serial dilution of the urine plate ranging from 10t a 10°
and 0.1 ml of urine was inoculated in each dilution on the surface of each agar plate in
duplicate.

In collections by spontaneous urination, it was defined as significant bacteriuria from
100,000 CFU/ml. In urine collected by voided specimens, samples with growth < 1000

CFU/ml were considered evidence of contamination (SWENSON et al., 2004).

Statistical analysis

The Kappa coefficient test (95% confidence interval) was performed to calculate the
concordance between the results of the culture with the analysis of the stained sediment and
the unstained sediment. In addition, sensitivity, specificity, accuracy, positive and negative

predictive value were also calculated.

RESULTS AND DISCUSSION

100 urine samples were received during the period from May to July 2022, two samples
were excluded from the study due to contamination in the bacteriological culture, with 60
positive samples and 40 negative samples in the culture. 60 samples were collected through
voided specimens and 40 through catheterization, 48 from females and 52 from males. Two
dogs each provided two urine samples, the rest of the patients only one sample was collected.
Quantitative aerobic urine culture was positive in 15 samples collected by catheterization
(25%) and in 45 samples collected by voided specimens (75%). In this last collection method,
there were 72 bacteria.

Microorganisms isolated by free cacth include: Staphylococcus sp. (n=21, 29.16%),
Escherichia coli (n=15, 20.83%), Streptococcus sp. (n=10, 13.88%), Klebsiella sp. (n=6,

8.33%), Acinetobacter sp. (n=5, 6.94%), Enterococcus sp. (n=4, 5.55%), Pseudopmonas sp.
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(n=4, 5.55%), Proteus sp. (n=3, 4.16%), Micrococcus sp. (n=2, 2.77%), Neisseria sp. (n=1,
1.38%) e Corynebacterium sp. (n=1, 1.38%). By catheterization, 18 bacteria were isolated.
Microorganisms isolated by were: Escherichia coli (n=6, 33.3%); Staphylococcus sp. (n=4,
22.2%), Streptococcus sp. (n=4, 22.2%); Proteus sp. (n=1, 5.55%), Pseudomonas sp. (n=1,
5.55%), Klebsiella sp. (n=1, 5.55%), Acinotobacter (n=1, 5.55%). Bacterial cultures in which
only one species was isolated were 31 of 60 (51.66%) and cultures in which multiple, 2 or
more species were grown were 29 of 60 (48.33%). The bacteria most found in the present
study were Staphylococcus sp and Escherichia coli, which is in agreement with other authors
(WAY et al., 2013; SWENSON et al., 2004). Escherichia coli is one of the most isolated
bacteria in canine UTI patients followed by Gram positive cocci: Staphylococcus sp. Proteus
sp., Klebsiella sp., Pasteurella sp., Pseudomona sp., Corynebacterium sp. (OLIN &
BARTGES, 2015; GATORIA et al., 2006).

Regarding the samples collected by catheterization (n=40), bacteriuria was observed in
37 samples by analysis of unstained sediment, in 15 samples by stained sediment and in only
10 by bacterial culture (Table 1). Twenty-two false positive results were observed in the
unstained sediment analysis, five false positive results in the stained sediment analysis and
four false negative results in the stained sediment analysis (Table 2).

For samples collected by voieded specimens (n=60), bacteriuria was observed in 58
samples in the unstained sediment analysis, 35 in the stained sediment analysis and 15 in the
bacterial culture (Table 1). There were 14 false positive results for the unstained sediment
analysis, 3 false positive results for the stained sediment, one false negative result for the
unstained sediment analysis and one false negative result for the stained sediment analysis

(Table 2).
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The concordance of the format of bacteria found in the stained and unstained sediment
was analyzed with the gold standard method, culture (Table 3). There was the observation of
40 samples without bacterial growth, in samples collected by catheterization and spontaneous
urination, in which in the analysis of the unstained sediment, five samples (12.5%) were
visualized without bacteria and 35 samples with bacteria of the cocci type (87.5%) (Table 4
and 5).

When the analysis of the stained sediment was performed, no growth was observed in
32 samples (80%) and in eight (20%) samples, cocci bacteria were observed. As for the
cultures in which coccoid-shaped bacteria were isolated (n=7), the unstained sediment
technique provided six results (85.7%) compatible with cocci and one result compatible with
a mixed population, cocci and bacilli (16.7%). Regarding the cultures in which there was
growth of bacilli (n=10), it was observed in the analysis of the unstained sediment, four
results compatible with cocci (40%) and six compatible with cocci and bacilli (60%). When
the stained sediment was analyzed, two samples (20%) were seen without the presence of
bacteria and 1 (10%) samples had coccus-type bacteria, 6 had bacilli (60%) and one (10%)
mixed population was visualized. As for the bacterial cultures in which mixed populations of
bacteria were isolated (n=8), it was observed in the analysis of the unstained sediment, one
result with no bacteria (12.5%), five results compatible with cocci (62.5%) and two results
(25%) compatible with mixed population. In the analysis of the stained sediment, there were
two samples without bacteria (25%), four samples with only cocci-type bacteria (50%), one
sample (12.5%) with only bacillary bacteria and one that presented (12.5%) mixed population.

Analysis of the unstained sediment showed a Kappa coefficient of 0.009 (95% CI 0.057

to 0.077) when compared to the culture. The calculated sensitivity was 98.39%, specificity
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2.44%, positive predictive value 60.40%, negative predictive value 50.00% and accuracy
60.19%

The identification of bacteriuria in the stained sediment showed a Kappa coefficient of
0.460 (95% CI 0.293 to 0.626) when compared with the culture. The calculated sensitivity
was 67.74%, specificity 80.49%, positive predictive value 84.00% and negative predictive
value 62.26% and accuracy of 72.82%.

The analysis of the Gram sediment proved lower sensitivity and specificity compared to
other studies (WAY et al., 2013, NEIL et al., 2013). This divergence occurred because of the
different populations included in the study and because the urine collection methods were not
the same, the present study used samples from catheterization and voieded specimens, while
the authors mentioned above obtained the samples by cystocentesis.

Despite the high sensitivity of unstained urinary sediment analysis (98.9%), and its low
specificity (2.44%), this method is not suitable for use as a screening test for bacteriuria,
requiring values of high specificity and sensitivity (GOULART & CHIARI, 2007). Based on
this study, 27 (67.5%) of 40 samples without bacterial growth, no bacteria were seen in the
analysis of the stained sediment, but when the analysis of the unstained sediment occurred,
there was the observation of bacteria which could result in antimicrobial therapy unnecessary.

Analysis of the stained sediment revealed a Kappa coefficient of 0.460 (95% CI 0.293
to 0.626), which indicates a moderate concordance with the culture, while analysis of the
unstained sediment evidenced a Kappa coefficient of 0.009 (95% CI 0.057 to 0.077), which
constitutes a minimal correlation. Therefore, the Gram urinary sediment has a better
concordance with the culture, the gold standard method for detecting bacteriuria, making the
analysis of the stained sediment a more reliable test than the observation of the unstained

sediment.
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In the present study, the Odds ratio, positive and negative, was also calculated, which
studies the probability of an event occurring in two different tests. The analysis of the stained
sediment showed a higher positive Odds ratio value (3.47) than the unstained sediment (1.01),
indicating a greater chance of simultaneous occurrence of positive results from the sediment
color method with the gold standard test. This data reinforces what was seen by the Kappa
coefficient, a greater association between the analysis of the stained sediment and the culture,
reinforcing the reliability of the Gram urinary sediment. This greater credibility was also
confirmed by the high accuracy presented by the analysis of stained slides (72.87%)
demonstrates that this test is more likely to provide correct results when compared to the
analysis of the unstained sediment, which presented an accuracy of 60.19%.

Gram staining of the sediment showed a high positive predictive value, constituting a
good indicator of bacteriuria, but a lower negative predictive value, demonstrating that
negative results in stained urine slides would be less reliable than positive results. The
analysis of the unstained sediment, in other way, presented lower positive and negative
predictive values than the analysis of the stained sediment. These lower values are due to the
low specificity and high sensitivity obtained by the unstained method, which mainly reduced
the negative predictive value of this test. The present study had lower positive and negative
predictive values compared to other studies (WAY et al., 2013; SWENSON et al., 2011;
NEIL et al., 2013). In the study carried out by WAY et al. (2013) the positive and negative
predictive value were 100% and 93%, respectively. In the study carried out by NEIL et al.
(2013), a positive and negative predictive value of 88% and 98%, respectively, was found.
While in the study executed by SWENSON et al. (2004), there was the observation of
positive and negative predictive value, respectively, of 94.5% and 98.7%. This difference may

have been caused by differences in the population used in the studies and by the urine
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collection method used. Urine samples in the present study were collected by catheterization
and voieded speciemens, which are methods more susceptible to contamination by bacteria
from the lower urinary tract. Sample contamination can be confirmed by performing a
quantitative bacteriological culture obtained by catheterization and voieded speciemens
(SMEE et al., 2013). However, it is reliable to use the voieded speciemens method, if
veterinary reference intervals are used for counting CFUs/ml, if the samples are refrigerated
and cultured within 4 h after collection (SOARESEN et al., 2016). Despite the high
prevalence (60.19%) of positive cultures (n=60), most of these cultures showed CFU count
values (Colony Forming Units) lower than 10,000 CFUs/ml in the collection by
catheterization and below of 100,000 CFU/ml in the collection by voided speciemen, not
being sufficient for the detection of bacteriuria. Thirty samples from voided speciemen were
observed, representing 66.7% of the cultures with bacterial isolation in this collection method,
and 5 by catheterization, totaling 33.3% of the samples with bacterial growth by
catheterization.

All incorrectly identified samples were classified as cocci-type bacteria, both in the
analysis of the stained sediment and the unstained sediment technique. This occurs because
bacilli are easier to differentiate due to their unique shape, resulting in fewer false-positive
results (SORENSEN et al., 2016; MONTEIRO et al.,, 2021). However, despite the
morphology of bacillary bacteria being easier to distinguish, bacterial cultures with a mixed
population showed a lower percentage of correct identification of bacilli in the stained and
unstained sediment. In the stained sediment, only one sample was identified the presence of
cocci and bacilli in the Gram and in two samples in the non-stained sediment. Possibly, the
failure in the diagnosis of mixed populations is due to the low presence of CFUs of bacillary

or coccoid bacteria, poor preparation of the urinary sediment slide, contamination of the



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

culture medium and pre-analytical errors (urine storage), which may favor or inhibit bacterial
growth (WAY et al., 2013; MONTEIRO et al., 2021; SWENSON et al., 2004). In six samples
in the unstained sediment and in one sample stained with Gram, mixed populations
originating from culture with growth of only bacilli-type bacteria were visualized. This result
proves the effectiveness of staining the urinary sediment with Gram in the differentiation of
cellular debris (SWENSON et al., 2011).

Our data suggest that the collection method does not interfere with the observation of
false positive results, probably due to the previously established bacteriuria criteria for
bacterial culture for the different methods of obtaining urine (SMEE et al., 2013). The false-
positive results were due to the presence of small particles that resembled bacteria in size,
shape and Brownian motion. These particles are usually small lipid molecules, cytoplasmic
organelles, amorphous crystals or debris that do not grow in culture, but contribute to false-
positive results due to the analysis of unstained urinary sediment (SWENSON et al., 2004).
SWENSON et al. (2004) descreveu o mesmo efeito quando o sedimento foi corado pela
coloracdo de Wright Giemsa. A coloracdo de Gram tem como vantagem a possibilidade de
diferenciacdo das bactérias entre Gram-positiva e negativa (WAY et al., 2013). SWENSON et
al. (2004) described the same effect when the sediment was stained with the Wright Giemsa
stain. Gram staining has the advantage of being able to differentiate between Gram-positive
and Gram-negative bacteria (WAY et al., 2013).

The stained sediment was not able to detect bacteriuria in 4 samples collected by
catheterization and in one collected by voided speciemens. This occurrence cannot be
attributed to a low count of Colony Forming Units (CFUSs), since these were similar to the

samples classified as having bacteriuria in the sediment analysis. Therefore, perhaps there
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could have been contamination of the culture medium or poor preparation of the sediment, as
suggested by WAY et al. (2013).

The empirical use of antibiotics has been considered the main cause of the emergence
of microorganisms resistant to multiple drugs. The World Health Organization (WHO) (2019)
considers this the biggest problem to be faced in public health in the next century. In
Veterinary Medicine, the treatment of probable UTI based on the results of bacteriuria
analysis of urinary sediment is the major cause of the indiscriminate use of antimicrobials.
Therefore, our preliminary results strongly suggest that stained urinary sediment analysis
should be routinely implemented to mitigate the false detection of bacteriuria in urinalysis,

thus reducing the misprescription of antibiotics.

CONCLUSION

The Gram staining technique of urinary sediment significantly increases the detection
of bacteria in sediment analysis and decreases the occurrence of false positive results in
urinalysis. Therefore, as it is an easy, fast and low-cost technique, it should be implemented in

the laboratory routine.
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Table 1: Detection of bacteriuria in urine samples from dogs obtained by catheterization or

spontaneous urination, analyzed at the Laboratory of Veterinary Clinical Analysis — HVU —

UFSM.
Catheterization Voi_ded
(n=40) s"éﬁ‘;‘&‘;”
Unstained sediment 37 57
Stained sediment 15 33
Culture 10 15

Source: Own authorship
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1 Table 2: Occurrence of false positive or negative results for bacteriuria in urine samples from

2
3 Veterinary Clinical Analysis — HVU — UFSM
4
5 Voided specimen

dogs collected by catheterization or spontaneous urination analyzed at the Laboratory of

Catheterization

False negative

False positive

False negative False positive

Stained 1
sediment
Unstained 1
sediment

14

6 Source: Own authorship; (-): not observed
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1 Table 3: Comparison of identification of bacterial morphology in culture and optical

2 microscopy methods (stained and unstained sediment)

3
4 . .
Unstained Stained
Morfology Culture N°correct  N°uncorrect  N°correct  N°uncorrect
Coccus 7 5 2 6 1
Bacillus 10 1 9 5 5
Mix* 8 1 7 1 7
Total 25 7 18 12 13

5 Source: Own authorship; Mix: bacillus e coccus*
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1 Table 4: Frequency of the distribution of the morphological classification obtained by

2 Culture and Unstained Urinary Sediment

3
Culture Absence Coccus Bacillus Mix Total
Population
Absence 5 (12,5%) 35 (87,5%) - - 40
Coccus - 6 (85,7%) - 1 (16,7%) 7
Bacillus - 4 (40%) - 6 (60%) 10
Mix 1 (12,5%) 5 (62,5%) - 2 (25%) 8
Population
4 Source: Own autorship; (-): not observed



1 Table 5: Frequency of distribution of morphological classification obtained in Culture and

2 Unstained urinary sediment

3
Culture Absence Coccus Bacillus Mix Total
Population
Absence 32 (80%) 8 (20%) - - 40
Coccus 1 (14,3%) 6 (85,7%) - - 7
Bacillus 2 (20%) 1 (10%) 6 (50%) 1 (10%) 10
Mix 2 (25%) 4 (50%) 1 (12,5%) 1 (12,5%) 8
population

4 Source: Own authorship; (-) not observed
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CONCLUSAO

A partir da anélise de dados pode-se que concluir que a realizacdo do sedimento
corado com Gram diminui, substancialmente o nimero de resultados falsos positivos, quando
comparado a analise do sedimento ndo corado. Essa diminuicdo na falsa deteccdo de
microorganismos esta relacionada a maior capacidade da coloracdo de Gram de diferenciar
estruturas parecidas com bactérias, tanto em forma como em tamanho.

Em adicdo, a andlise do sedimento corado possibilitou que menos pacientes
utilizassem antibioticoterapia de forma desnecesséria, ja que a observacdo do sedimento nédo
corado, comumente esté relacionada com resultados ndo acurados. A crescente prescri¢do de
antibidticos de forma desnecessaria favorece a resisténcia bacteriana, sendo um grave
problema em Medicina Humana e Veterinaria e tornando o tratamento de individuos, que
realmente precisam desses medicamentos, cada vez mais dificil e oneroso.

O presente estudo relatou menores valores de sensibilidade, especificidade, valor
preditivo negativo e positivo, menores que outros estudos. Essa diferenga ocorreu,
provavelmente, devido a diferenca no tamanho da populacdo e dos métodos de colheita de
urina obtidos no nosso estudo. Portanto, novas pesquisas com maior nimero de amostras sdo
necessarias para melhorar a eficiéncia da coloracdo de Gram na diferenciacdo de bactérias e
debris celulares.

Dessa forma, nosso estudo auxiliard no direcionamento terapéutico mais eficiente dos
pacientes, principalmente dos pacientes graves que ndo possuem condicdes de esperar 0S

resultados da cultura bacterioldgica.
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